Phytochemical content of plant extracts can be used effectively to reduce the metal ions to nanoparticles in one-step green synthesis process. In this study, six plant extracts were used for the synthesis of silver nanoparticles (AgNPs). Biologically synthesized AgNPs was characterized using UV-Vis Spectrophotometer, Field Emission Scanning Electron Microscope (FE-SEM), X-ray diffraction (XRD), Energy Dispersive X-ray spectroscopy (EDX) and Fourier Transform Infrared (FTIR) spectroscopy. The individual and combined effects of AgNPs and tetracycline against S. aureus and K. pneumoniae were
INTRODUCTION
Abuse of antibiotics and chemical bactericides have resulted in development of resistant bacterial strains, which in turn creates the onset of infectious diseases [1, 2] . Staphylococcus aureus and Klebsiella pneumoniae are major resistant bacterial pathogens that can induce life-threatening diseases [3] [4] [5] . To limit such resistance, researchers are looking for alternatives antimicrobial agent [6, 7] . Recently, nanotechnology became part of our daily life and the social and economic impact of nanotechnological developments is being recognized [8] . Up till now, several aspects of applications of the nanoscience, in the fields including cosmetics, novel materials manufacturing, medicine and pharmaceutics are unknown [9] . In the last decade, the medicinal applications of nanotechnology are significantly increased, which leads to raising hopes for using the nanoparticles as alternative antimicrobial agents. Significant development in synthesis of nanoparticles has attracted researchers' attention toward applications in managing bacterial diseases [10] . Due to their antibacterial activities, silver compounds are used to prevent skin infections, such as burns and as coating on different surfaces such as catheters [11, 12] . Nanoparticles can be synthesized by physical, chemical and biological methods. Preparation of nanoparticles via conventional chemical and physical methods results in toxic byproducts that have environmental hazards. These nanoparticles cannot be employed in medicine especially in clinical fields due to health-related issues [13, 14] . Biological methods are costeffective, eco-friendly and rely on the use of plant extracts, enzymes and microorganisms [15] . Interestingly, the synthesis of AgNPs using plant extracts is a rapid process compared with the synthesis using bacteria or fungi [16] . Although several studies have demonstrated the antibacterial activity of AgNPs, studies of the combination of AgNPs and antibiotics are warranted. Tetracyclines are often used in the treatment of infections of respiratory tract, urinary tract and intestinal tract, and are also used in the treatment of chlamydia, especially in patients allergic to macrolides and β-lactams. Using of tetracycline for these indications is decreased due to increased microbial resistance. The most common current use of tetracycline is in the treatment of acne and rosacea [17] . Tetracyclines remain the drug of choice for treatment of rickettsia, chlamydia, spirochetal and brucellosis infections. Additionally, they may be used for the treatment of tularemia, plague, anthrax and cholera disease [18] . The combination of nanoparticles and antibiotics could increase the antibiotics' efficiency against resistant microorganisms [19, 20] . Antibiotic-nanoparticle conjugates decrease the dosage of both agents, which lower the noxiousness and increase the antimicrobial efficacy [21, 22] .The main objective of the current study is to refine and compare the bio-synthesis of AgNPs using various plant extracts and to evaluate the individual and in combination activity of AgNPs prepared by different extracts and tetracycline against Staphylococcus aureus and Klebsiella pneumonia . Healthy leaves of arak and sidr were collected from trees distributed in Najran region, Saudi Arabia. Bulbs of garlic and onion, ginger roots and mint were purchased from local markets in Najran city. Najran is located in the south part of Saudi Arabia, along the border with Yemen.
MATERIAL AND METHODS

Collection of plants
Optimization of silver nanoparticles
Silver nitrate [AgNO3, 99.995%] was purchased from VWR. The optimization process was carried out for obtaining better synthesis of AgNPs. The parameters employed in the optimization process were plant type [ 48 hours.] were tested. Fresh healthy leaves of arak, mint, sidr, and bulb of garlic, bulb of onion and rhizome of ginger were washed 4 times in tap water followed by distilled water then dried and cut into fine pieces and crushed by mortar and pestle. 100 ml distilled water was added into the fine pieces of the crushed plants then heated, sieved and filtrated by using Whatman filter paper No. 1 (Fig.1 ). The filtrated plant extracts were kept in refrigerator until use. After addition of plant extracts to the silver ions, the change in the color of the solution was observed and the absorbance was measured spectrophotometrically. Plant extracts were prepared at Microbiology laboratory, College of Pharmacy, Najran University. 
Characterization of as-synthesized AgNPs
The characterization and confirmation of silver nanoparticles synthesis was conducted at Advanced Materials and Nano-Research Centre, Najran University, Saudi Arabia. UV-Vis spectra were conducted in the range of 200 to 800 nm using Perkin Elmer-Lambda 950-UV-visible spectrometer. The crystal structure and phase formed for as-synthesized AgNPs were examined by X-ray powder diffraction (XRD) using a BRUKER D8 advance with Cu target (λ 1.54 Å). The diffraction patterns were collected at 40 kV and 40 mA, with a 0.05º step size and a count time of 3 s. Morphological analysis of as-synthesized AgNPs was examined using FESEM (QUANTA FEG 250) equipped with energy dispersive X-ray spectroscopy (EDX). Fourier transforms infrared (FT-IR) spectra were collected at a spatial resolution of 4 cm-1 in the transmission mode, in the range of 400 to 4000 cm-1 using Perkin Elmer spectrophotometer. The samples were prepared using the KBr pellet technique and were analyzed to examine the surface chemistry of the reduced AgNPs as well as the presence of biofunctional moieties of plant extracts.
Antibacterial activity of AgNPs and tetracycline
For testing antibacterial activity, S. aureus (Gram-positive) and K. pneumoniae (Gram-negative) were attained from the laboratory of Microbiology, Najran University Hospital, Najran region, Saudi Arabia. The isolates were identified an automatically (Micro Scan Walkaway, Siemens) and the results were confirmed [23] . Before bacterial experiments, bacterial isolates were refreshed on nutrient agar (Oxoid, England) from the stocks. Mueller Hinton Broth (MHB) (Oxoid, England), Mueller Hinton agar (MHA) (Oxoid, England), tetracycline (Adco) were used in the present study. The antibacterial activity was carried out at Microbiology laboratory, College of Pharmacy, Najran University.
Estimation of MICs and MBCs for AgNPs and tetracycline
The MICs and MBCs of AgNPs synthesized by various plant extracts and tetracycline were determined by macrodilution broth method given by Clinical and Laboratory Standards Institute guidelines [24] using test tube preparation. The isolated bacteria, S. aureus and K. peumoniae were inoculated into Mueller Hinton broth medium and incubated at 37°C for 4 hours. Two-fold serial dilution of AgNPs and tetracycline at concentrations [100, 50, 25, 12.5, 6.25, 3.12, 1.6, 0.78 and 0.39 µg/mL] were done using Mueller-Hinton Broth medium. From each microbe, 25µL inoculums at a concentration of 1.5 × 106CFU/mL [corresponding to 0.5 McFarland turbidity standards] was added to each test tube. The test tubes were incubated for 24 hours. at 37°C. The lowest concentration that inhibited the microbial growth was taken as MIC. A loopful was taken from test tubes showing no visible growth, streaked onto MHA plates and incubated for 24 hours. at 37°C. The least concentration without any bacterial growth was taken as MBC. Positive control experiments were performed using the bacterial isolate in the broth medium. Negative control tubes just contained MHB. The MIC and MBC for each strain was carried out in triplicate.
Assessment of the individual and synergistic effects of AgNPs and tetracycline.
In this study, S. aureus and K. pneumonia were subjected to individual and combined treatment with AgNPs and tetracycline. An agar disc diffusion assay was done on MHA as described previously [25, 26] with some modification and based on Clinical and Laboratory Standards Institute guidelines [27] . The microbes were inoculated into MHB and incubated at 37°C for 4 hours and matched to 0.5 McFarland turbidity standards. The dried entire surface of MHA plates were inoculated with the two pathogenic bacteria using sterile swabs. 6 mm diameter sterile paper discs made of Whatman filter paper No. 1 loaded with 25 µL of AgNPs (100 µg ̸ mL) synthesized by different extracts, standard tetracycline discs and standard tetracycline disc loaded with 25µL of AgNPs (100 µg ̸ mL) were placed and gently pressed on the surface of the inoculated plates. Filter paper discs loaded with sterile normal saline was used as negative control. The plates were incubated at 37°C for 24 hours and the zone of inhibition [ZOI] was measured in terms of millimeter using a ruler. These assays were carried out in triplicate. The increase fold in the antimicrobial activity and synergistic effects of AgNPs and tetracycline against tested bacteria was assessed using the formula: b a / a × 100 where [b] is the ZOI of tetracycline with AgNPs and [a] is the ZOI of tetracycline respectively.
Statistical analysis
The results of individual and combined effects of AgNPs synthesized by various plant extracts and tetracycline on S. aureus and K. pneumoniae were expressed as means ± S.E. 
RESULTS AND DISCUSSION
Optimization of silver nanoparticles
The aqueous plant extract was added to silver ions and the change of color was monitored. Formation of brown color indicated the ability of plant extract for biological reduction and capping of silver ions and synthesis of AgNPs due to excitation of surface plasmon vibrations (Fig.2) . The bio-reduction rate of silver ions was increased by incubation the mixture at 37 °C for 48 hours. These findings were coincided with the results previously observed [28, 29] . Among the different parameters and conditions tested, no change of color was detected by using either arak or mint extracts for biological reduction of AgNO3. These findings were contradicted with the results previously reported [30] [31] [32] [33] . The phytochemical content of each plant might differ from region to another due to differences in the soil nutritive value and other environmental factors that affects the ability of plant extract to reduce metallic ions. Sidr leaves extract reduced the metal ions under all parameters used and the absorbance peak was detected by UV-Vis Spectrophotometer analysis. Similar finding has been reported in previous studies [34] [35] [36] . Garlic extract at concentrations [20, 25 gm ̸ 100 distilled water], boiling for 5-10 minutes, added at a percentage of 10 mL ̸ 90 mL aqueous silver ions, molar silver ion concentration [1 mM, 2mM] gave yellowish to faint brown color after incubation for 48 hours. The resulting mixture was tested by using UV-Vis Spectrophotometer analysis; no surface plasmon resonance peak in absorption spectra was obtained. Component of garlic extract served as capping and reducing agents in the synthesis of AgNPs [37, 38] . Onion extract at concentrations [20, 25 gm ̸ 100 distilled water], boiling for 5-10 minutes, added at a percentage of 10 mL ̸ 90 mL aqueous silver ions and molar silver ion concentration [1 mM, 2mM] reduced the silver ions and the results were confirmed. These findings were supported by the results previously reported [39, 40] . Ginger extract at concentrations [20 gm ̸ 100 distilled water], boiling for 5-10 minutes, added at a percentage of 10 mL ̸ 90 mL aqueous silver ions and molar silver ion concentration [1mM]supported the biological reduction of silver nitrate solutions in which the color of the mixture changed into brown and the results were confirmed by using UV-Vis Spectrophotometer. The best results for synthesis of AgNPs were obtained by ginger, sidr and onion extracts at these parameters: concentrations [20 gm ̸ 100 distilled water], boiling for 5 minutes, added at a percentage of 10 mL ̸ 90 mL aqueous silver ions and 1 mM silver ion concentration and incubated at 37 °C for 48 hours. The synthesized AgNPs at the best parameters was characterized and used in the current study. Plant extracts contain wide range of metabolites such as alkaloids, carbohydrates, phenolic compounds, terpenoids, oxalic acid, ascorbic acid, enzymes and other reducing components like phenyl-propanoids. Various plant species and plant parts were successfully used for AgNPs synthesis. Biologically synthesized nanoparticles exclude the need for a capping and stabilizing agent and display shape and size-dependent biological activities. Stages of the green biosynthesis of silver nanoparticles from plant extracts during the chemical reaction included nucleation, condensation, surface reduction and stabilization [41] [42] [43] . 
Structural and morphological analysis of as-synthesized AGNPS
Generally, the biosynthesized nanoparticles are characterized for their size, shape and dispersity [44] . Particles homogeneity, mono-dispersity with tiny sizes and extremely large surface area are among the required characteristics that would be important in several practical applications. The common techniques applied in this study for characterizing the bio-synthesized AgNPs are the UV-visible spectrophotometry, powder X-ray diffraction (XRD), scanning electron microscopy (SEM) and energy dispersive spectroscopy (EDS), Fourier transform infrared spectroscopy (FTIR) and Raman spectroscopy. Firstly, the bio-reduction of silver nanoparticles (AgNPs) using the three different plant extracts was notably observed as a color change of the plant extract just after the exposure to AgNO3aqueous solution. In agreement with an earlier work [45] , the bio-reduction started immediately with a visual color change from colorless AgNO3 solution to darkish brown, indicating the successful reduction of Ag+ ions to metallic Ag (I) NPs. The bio-reduction process was further examined using the UV-visible spectra measurements. The UV-vis spectra of produced AgNPs using the three different plant extracts along with the spectrum of Ag+ ions as a control are displayed in Figure 3 . Noticeable broad surface plasmon resonance (SPR) absorption peaks extending from 350-500 nm and centered at around 435 nm are detected in case of sidr and ginger plant extracts. Those absorption bands are related to the dipole resonance of conducting electrons on the surface of AgNPs. Those SPR peaks resemble to the absorption peak of AgNPs recently synthesized using a coffee extract [29] . However, in case of using onion plant extract, an absorption band located at a shorter wavelength (360 nm) is observed. Furthermore, the inset UV-vis spectrum is attributed to the blank Ag+ ions without extracts, in which an absorption band is detected at 290 nm. The formation of the two SPR peaks at 435 nm, with the absence of 290 nm band is a direct evidence of the bio-reduction and formation of AgNPs using either sidr or ginger plant extracts. The higher peak intensity detected in case of sidr plant compared to ginger suggests its relatively stronger reducing power. It is worthy to mention that the characteristic SPR peak related to the reduced AgNPs has been reported to predominantly appear within the range between 400-500 nm [46, 47] . Now, a question arises to understand the formation of relatively small absorbance band at shorter wavelength of 360 nm in case of onion extract. Firstly, it has been reported that the electronic transitions of metallic Ag0usually appear in the spectral range of 250-330 nm [48] , i.e. at a shorter wavelength of SPR-related bands. Secondly, it is worthy to note that the absorption band of AgNPs would shift either to longer or shorter wavelength depending on the shape of the produced NPs and the surrounding environment [49, 50] . Therefore, in case of onion plant extract and according to experimental observation, it is suggested that the band appeared at 360 nm is either due to the formed particles become more spherical 50 or owing to the presence of onion moieties. Additionally, the small band intensity reveals its lower reducing power compared to either sidr or ginger extracts. The XRD analyses were performed to confirm the crystalline structure of the bio-synthesized NPs. The XRD patterns of as-synthesized AgNPs using the three tested plant extracts are shown in Figure 4 . As could be revealed, all biosynthesized NPs showed typical four characteristic reflection peaks for the face-centered cubic metallic Ag at 2θ of 38.2°, 44.3°, 64.4° and 77.4°, corresponding respectively to (111), (200), (220) and (311) facets of Ag (JCPDS No. 87-0717) [51] .The intensity of the Ag-related peaks in the diffraction patterns is in the order; sidr extract >ginger>onion,in a good agreement with the above UV-vis spectral results. The produced AgNPs were visualized by SEM ( Fig.5) , which indicated that the as-synthesized AgNPs using the three plant extracts have spherical shapes capped with the bio-moieties. According to SEM micrographs, the mono-dispersity of the NPs is in the order of; ginger>sidr>onion extract. Based on image analysis, the average particle size was found to be15-25 nm for ginger, 30-60 nm for sidr and 50-120 nm for onion extract. The AgNPs are almost separated from each other, with relatively agglomerates formed in case of onion extract (image 5C). The more spherical particles observed for onion extract would explain the shift in the UV-vis absorption band to shorter wavelength shown above in Figure 5 [50] . The EDS spectrum ( Fig.5 D) reveals strong spectral signal in the Ag region, which further confirmed the formation of AgNPs. The AgNPs typically exhibit optical absorption peak at approximately 3 KeV due to the SPR [51] . FTIR measurements were performed to identify the functional groups present in the biomolecules leading to the bioreduction of Ag+ and help capping the as-formed AgNPs. The FTIR spectra specially in case of sidr plant extract exhibited main absorption bands at 3420, 2923, 2857, 1730, 1634, 1440, 1376, 1243, 1042 and 602 cm−1, (Fig.6) , indicating the presence of residual capping agent with the AgNPs. The broad bands observed at 3420 cm−1 in the spectra of both (sidr and ginger extracts) correspond to the O-H stretching vibration indicating the presence of alcohol and phenolic-related species. The two bands detected at 2923 and 2857 cm−1 are related to the C-H stretching of aromatic compound. The small band at 1740 cm−1 was only observed for sidr extract and can be assigned to the non-conjugated C-C stretching. The strong bands appeared at 1634 cm−1 in all plant extracts correspond to the C-N and C-C stretching vibration, suggesting the presence of proteins [52] . The band at 1440 cm−1 could be assigned to the N-H stretch vibration of amide moieties [53] . Appreciable stretch vibrational bands at 1042 cm−1 detected in all plant extracts would be related to the C-O-C stretch of aromatic ethers and polysaccharides [54] .Such detected functional groups would likely play a decisive role of both capping and stabilizing the as-formed AgNPs as has been reported in previous investigations [52, 55] .The bands appeared at around 1376 cm−1 typically represent the N=O symmetry stretching of nitro-compound. The band observed at 1243 cm−1 is attributed to the C-N stretching of amines [53] . The bands located at 900-600 cm−1 region are connected to the -NH2 wagging of primary and secondary amines and amides [56] . In addition to the above band assignments, the band around 588 cm−1affirms the existence of AgNPs [57] . It can be concluded from the FTIR spectroscopic observation that the AgNPs surface is likely covered by organic species derived from the plant extracts. 
ANTIBACTERIAL ACTIVITY
Estimation of MICs and MBCs for AgNPs and tetracycline
The MIC and MBC values of AgNPs synthesized by various plant extracts and tetracycline for tested microorganisms were listed in Table 1 . The present findings revealed that silver nanoparticles prepared by ginger, onion and sidr extracts showed similar MIC and MBC towards S. aureus and K. pneumoniae (100µg ̸ mL). Our findings agree with other observations [22, 58] . The MIC of tetracycline against S. aureus was 0.78µg ̸ mL while the MBC was 1.56µg ̸ mL. The MIC and MBC of tetracycline for K. pneumoniae were > 100µg ̸ mL. These results contradicted with those reported in Refs. [59, 60] . 
Assessment of the individual and synergistic effects of AgNPs and tetracycline.
The individual and synergistic or additive antibacterial effects of AgNPs and tetracycline against tested bacteria were evaluated using the disc diffusion method. As shown in Table 2 , the results showed that silver nanoparticles exhibited significant growth inhibitory effects (p≤0.05) against S. aureus and K. pneumoniae. The ZOI of silver nanoparticles synthesized by sidr, onion and ginger extracts against S. aureus were11.67±0.33 mm, 9.67±0.33 mm and 13.0±0.0 mm and for K. pneumoniae were 8.67±0.33 mm, 8.33±0.33 mm and 10.33±0.33 mm respectively. Our results agree with previous studies [22, 28, 61] . Rodríguez-León et al., (2013) [62] believed that the positive charge ions from silver nanoparticles were attached to the negative charge bacterial cell wall leading to its rupture, denaturation of proteins and finally cell death. Baker et al., (2017) [63] mentioned that AgNPs attach to the bacterial cell membrane, then enter to the bacteria and interact with the DNA and proteins resulting in bacterial cell death. Niraimathi et al., (2013) [55] proposed that the mechanism of action of AgNPs involves the conjugation of silver with oxygen and its reaction with sulfhydryl [-S-H] groups on the cell wall to form R-S-S-R bonds, causing cell death due to blocking respiration. Silver nanoparticles exhibit disturbance of the outer membrane and rupture of the cytoplasmic membrane, resulting depletion of intracellular ATP. AgNPs have antibacterial effects on Gram-negative bacteria, causing "pits" in the cell wall [64] . S. aureus was sensitive to tetracycline with ZOI 30.67±0.33 mm. Tetracycline did not display any antimicrobial effects on K. pneumoniae with ZOI 0.0±0.00 mm. The combined effect of tetracycline with AgNPs was assessed in comparison to tetracycline alone. The antibacterial activity of tetracycline increased in combination with AgNPs synthesized by various plant extracts, against S. aureus and K. pneumoniae. The percentage of the increased fold of tetracycline with AgNPs against S. aureus ranged from 12% -21%. The combination of tetracycline with AgNPs prepared by sidr, onion and ginger extracts against K. pneumoniae significantly increased (p≤0.05) the ZOI from 0.0±0.00mm to 11.67±0.33 mm, 10.67±0.33 mm and12.33 ±0.33 mm respectively. Synergism between antibiotics and AgNPs has been documented in earlier reports [25, 26, 63] . Sangili and Gurunathan, (2015) [22] stated that Ag+ enhances the bactericidal activity of antibiotics by increasing the generation of reactive oxygen species that leads to death of the bacterial cell. Conjugation of antibiotic with AgNPs was effective against resistant bacteria [21] . Silver nanoparticles biologically synthesized by ginger gave the highest individual and combined activity against tested strains. Bactericidal effect of AgNPs are influenced by the particles size, the smaller the particles, the greater the antibacterial efficacy [ 65] . S: normal saline; AgNPs: silver nanoparticles; TE: tetracycline.* Values are the mean of three replicates ± S.E. ** In the same column, means followed by the same letters are not significantly different (p≤0.05) as analyzed by Tukey's HSD test. F-value is significant at p≤0.001
CONCLUSION
The present study concluded that ginger, onion and sidr extracts converted silver ions to AgNPs. Arak, garlic and mint did not support silver nanoparticles formation. Synthesized silver nanoparticles were characterized using UV-Vis Spectrophotometer, FE-SEM, XRD, EDX and FTIR spectroscopy analysis. AgNPs prepared by different plant extracts exhibited antibacterial effects against the tested microorganism. Silver nanoparticles synthesized by ginger showed the highest individual and combined activity against S. aureus and K. pneumoniae followed by AgNPs prepared by sidr then that synthesized by onion. AgNPs prepared by various plant extracts enhanced the antibacterial efficacy of tetracycline against the tested microorganisms.
